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Abstract 
A hypothetical case study has been made of a 100 MW OTEC plant, which 
would require around 400 m3/sec of warm water feed (with 200 m3/sec of 
cold water feed) and resulted in the following data: 
? CO2 saving compared to coal power plant, as determined from 
lifecycle assessment (LCA)studies, would be 98.62 % for 
CC-OTEC, 97.41 % for the hybrid type, and 94.4 % for 
OC-OTEC. 
? Energy payback period value would be 1.33 years. 
? Cost of power generation from NPV concept of such plant is 
estimated to be of 2.9 p/kWh. 
? 172,800 m3 of potable water/day could be available from 
OC-OTEC (but none from CC-OTEC though a hybrid type may 
yield appreciable potable water). 
? More than 68,000 kg shellfish/day could be availed for all types of 
100 MW OTEC. 
? Upwelling of the nutrient rich cold water along with abundant 
plankton from sea-bottom and the mixed discharge of it in the 
ocean during OTEC operations is likely to help growth of the 
oceans’ flora and fauna for the abundant supply of seafood. But the 
danger posed from simultaneous upwelling of toxic algal bloom 
endangering the marine species, are also apprehended. However, by 
and large positive marine species growth has been opined. 
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? Such increased species growth becomes instrumental in burying 
CO2 in the deep ocean floor with the carcasses of dead marine 
species grown. This phenomenon known as sequestering of CO2, 
appreciably increases the ocean’s CO2 storage capability and thereby 
in addressing the problem of global warming. This is in addition to 
the amount of CO2 saved from use of alternate energy source on 
OTEC, against the conventional fossil fuel resources. 
? Upwelling of cold water may be utilized in cold storages/air 
conditioning saving 600 times the power required for running the 
same. 
? Hydrogen production, as may be made at expense of the net power 
generated, from a 100 MW plant, would amount to over 
35,000 kg/day or 20,000 kg of NH3/day. 
? 21,773 kg of CO2/day from OC-OTEC (also from the hybrid type 
but not for CC-OTEC) would be available, which can be utilized as 
raw material for soda ash manufacture/urea production (along with 
NH3 as may be availed from H2 production). Also a huge quantity 
of oxygen enriched air – near 33 % O2 content, against 20.93 % of 
normal air may be availed. 
? 188,812 kg/day of methanol utilizing the H2, as may be generated 
can thereby be the resource raw material for petrochemical 
industries, opening up the scope of availability of a chemical hub in 
the vicinity of the OTEC plant. 
? Such OTEC plants can help sustainable development, particularly 
small island developing states (SIDS), arresting coral bleaching 
(decreasing acid rains etc.), and generating employment; and also 
help in reducing global warming from sequestering of CO2, in 
addition to saving CO2 emission compared to conventional fossil 
fuel power generators. 
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Introduction 
It has been noted that the net power availed from OTEC is considered to be 
around 65 % of the gross power generated (Vega 1999). It is also a fact that 
the capacity factor of OTEC technology has been considered to be around 
80 %, even from a modest estimate of it (Varley 2013). Thus the net annual 
power generation from 100 MW OTEC plant would be: 
100×24×365×0.8×0.65 MWh = 455,520 MWh = 455.52 GWh, or a daily 
net power production of 1.248 GWh. Considering an OTEC plant life to 
be about 30 years, its life time net power production would be 
455.52×30 = 13,666 GWh  [1] 
Keeping in view the above data on power generation from a 100 MW 
OTEC scheme, the following prospects of it have been assessed in the 
present study. They are: 
? The carbon foot print – giving the scope of CO2 saving achievable 
compared to a coal power plant. The estimations are made from the 
life cycle assessment studies. 
? Energy accounting studies – to determine the energy payback 
period of the concerned OTEC plant. 
? Environmental aspects – including the changes caused over oceans 
flora & fauna, hazards as may be posed from the placement of the 
concerned OTEC plant (also with recommendations for preventing 
the potential hazards), and the various dimensions on societal 
influences caused from its application. 
? The economic issues involved; determining the cost of power 
generation/kWh, as also of the benefits derived from the prospect of 
number of byproducts, as may be available. 
The above studies have been elucidated in the following sections. 
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Life cycle assessment (LCA) on carbon foot print and 
energy accounting (EA) studies of the 100 MW 
OTEC plant 
Life time emission of CO2 expressed in g/kWh power generation of an 
energy device, as per LCA estimations, would be 
∑Gi × Mi/Pl + operational stage emission in g/kWh.  [2] 
In the above equation, Gi represents the gas emission in kg/kg of the 
inventory items; Mi is mass of the inventory items of the device; and Pl is 
the life time power generation of the device, expressed in kWh. Unlike all 
other renewable energy systems, in case of OTEC systems, operational stage 
emissions are required to be taken into account in the LCA studies. 
The LCA studies are carried out as per ISO 14040 with boundary 
conditions ‘from cradle to grave’. The data Gi, giving emission 
characteristics of concerned inventory items, have been taken from the Bath 
University database (Hammond & Jones 2008) and the inventory items are 
taken from a hypothetical Japanese model of a 100 MW CC-OTEC plant 
(Tahara et al. 2000). 
The emission of CO2 (except its operational stage emission), for the 
100 MW OTEC plant has been estimated based on the above data and as 
per the equation [2]. The results are shown below in Table 1. 
Table 1. CO2 emission of constructing a 100 MW CC-OTEC plant estimated from the 
Bath University database. 
Inventory materials  CO2 
emission 
kg/kg** 
Mass of the 
material (kg)***  
Total CO2 
emission 
estimated (kg) 
Steel (different types)* 6.15 4,157,000 25,565,550 
Copper  3.00 270,000 810,000 
Iron 1.91 16,817,000 32,120,470 
Plastics  2.53 14,216,000 35,966,480 
Cement  0.83 75,000,000 62,250,000 
Grand Total  110,460,000 156,712,500 
* (mean values considered); ** (Hammond & Jones 2008) *** (Tahara et al. 2000) 
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Thus the CO2 emission (excluding operational phase emission) would 
be 
156,712,500 kg/13,665.8 GWh = 11.46 g/kWh.  [3] 
Scope of CO2 emission during operational phases of 
OTEC 
As regards CO2 emissions from operational phases in OTEC, there can be 
two possible sources. The first one is from its evolution from warm sea water 
during steam formation, along with the permanent gases like O2 and N2 
where warm water is used as the working fluid, as in OC-OTEC. In hybrid 
cycles where warm water is used for providing potable water, CO2 (g) 
emission occurs during steam formation of warm sea water. The second 
source of CO2 (g) emission in OTEC operation is from the possibility of its 
liberation from cold water, when its temperature gets elevated in the 
condenser and is discharged in the ocean mixed with warm water. 
In fact, the solubility of CO2 in water is inversely proportional to the 
temperature and directly proportional to the pressure in the ocean (Teng et 
al. 1996). It may be relevant to add here, that despite the fact that the 
solubility of CO2 (g) decreases with salinity of the water, the role of the 
ocean is considered quite important in maintaining the atmospheric CO2 (g) 
concentration balance (Enrick and Scott 1990). In fact, CO2 (g) from air 
after dissolution in ocean water remains in the form of soluble carbonates, 
bicarbonates as well as in gaseous form, depending on the temperature and 
pressure following Henry’s law. Upwelling of cold water is likely to release 
this dissolved gaseous CO2, on temperature rise and also for lowering of the 
super incumbent pressure of the water. 
The role of organisms such as plankton is also to be considered while 
deciding maintenance of equilibrated concentration of CO2 in the ocean 
water. They consume CO2 during photosynthesis and also in the formation 
of shells. The dead cells of these and the marine species feeding on them 
thereafter sink with enriched carbonate content. This phenomenon of CO2 
burying by dead species – at the ocean floor and thereby maintaining CO2 
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balance in the global environment – by the ocean’s natural process is termed 
sequestering of CO2 (Christopher and Barry 2008). 
The churning of the ocean caused by OTEC deployment, with the 
artificial upwelling of cold water as well as their discharge in the euphotic 
zone of the ocean as the mixed discharge (with warm and cold water), may 
affect the CO2 balance of the ocean. This may be caused by fluctuations of 
the following three factors: 
1. temperature elevation/lowering 
2. pressure release, and 
3. plankton concentration. 
It would be expected that a rise in plankton concentration in the surface 
layer from the upwelling of cold bottom layer water would help lowering the 
GHG gas level in the atmosphere, consuming more CO2 over ocean surface 
water. On the other hand, a huge quantity of dissolved CO2 (g) is likely to 
be released from temperature rise and the pressure release of the upwelled 
cold water. 
As a matter of fact, Green and Guenther (1990) noted from their 
experimentations in the Heat and Mass Transfer Scooping Test Apparatus 
(HMTSTA), that evolution of CO2 from operations in case of OC-OTEC 
is expected to be 11.7g/kWh from warm water and 26.8 g/kWh from cold 
water; totaling 38.5g/kWh. In the case of hybrid OTEC it is expected to be 
lower, 11.7g/kWh, and a still lower value of <1g/kWh for operations with 
CC-OTEC (Green & Guenther 1990). They however argued that if this 
cold water instead of getting discharged into the ocean is used for 
mariculture, it would emit more CO2 (g) for its longer exposure. But the 
cultured marine plants etc. are likely to absorb the extra CO2 (g) released 
and thus neutralize it (Green & Guenther 1990). 
In the present study, CO2 emission during the working phase, for 
CC-OTEC, OC-OTEC and hybrid OTEC types, were estimated, based on 
the above stated studies of Green and Guenther (1990) as per their 
experimentations on HMTSTA, which showed: 
? 38.5g/kWh for OC-OTEC, 
? 11.7g/kWh for hybrid type, and 
? <1g/kWh for CC-OTEC (say 0.8g/kWh)  [4] 
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It may be relevant to add that for 100 MW CC-OTEC, the operational 
stage of CO2 input as accrued from the working fluid (NH3) is also to be 
taken into account; which is reported to be 222,000 kg (1.11 kg CO2/kg of 
NH3) by Japanese researchers (Tahara et al. 2000). Thus in terms of g/kWh 
emission of NH3 for CC-OTEC would be 
2,220,000 kg/13,665.8 GWh = 0.16 g/kWh. [5] 
The inventory items of OC-OTEC would vary from that of 
CC-OTEC, because OC-OTEC would require a much larger evaporator, 
requiring a larger amount of material inputs. On the other side, its use of a 
DCC heat exchanger would cause much less material input than that used 
for metal surface heat exchangers, used in CC-OTEC. Hence it may be 
considered that the two inputs (positive and negative) would by and large 
balance each other. Thus, CO2 emission from inventory item inputs of 
OC-OTEC may be considered to be more or less similar to that of the 
inventory items of CC-OTEC. 
Total CO2 emission from OTEC plants vis-à-vis other 
energy systems 
Based from the relationship of [3], [4] & [5] – 
? CO2 emission from a 100 MW CC-OTEC plant  
= (11.46+0.8+0.16)g/kWh = 12.42 g/kWh 
? CO2 emission from a 100 MW OC-OTEC plant  
= (11.46+38.5) g/kWh = 49.96 g/kWh 
? CO2 emission from a 100 MW hybrid OTEC plant  
= (11.46+11.7+0.16)g/kWh = 23.32 g/kWh 
Based on LCA studies of a typical coal power plant, CO2 emission has 
been noted to be 900 g/kWh (Odeh & Cockerill 2008). 
In comparison to such a coal power plant, percent of CO2 emission 
saved from a renewable energy (RE) device would be 
100-[Ce/900]×100  [6] 
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where Ce is the CO2 emission in g/kWh of the concerned RE device. 
Accordingly: 
? CO2 percent saved for a 100 MW CC-OTEC plant  
= 100-1,242/900 = 98.62 % 
? CO2 percent saved for a 100 MW OC-OTEC plant  
= 100-4,996/900 = 94.45 % 
? CO2 percent saved for a 100 MW hybrid OTEC plant  
= 100- 2,332/900 = 97.41 % 
Thus, CO2 saving for 100 MW OTEC varies between 98.62 and 94.45 
percent. 
Energy accounting studies 
Calculating the energy payback period (EPBP) from energy accounting 
studies enables to determine the total energy production in years which is 
required to manufacture the concerned product. This can be determined as 
per the following equation: 
EPBP = ∑EiMi/Pa [7] 
where Ei is embodied energy of inventory items of the device expressed in 
MJ/kg; Mi is their respective mass in kg, and Pa is the annual power 
generated by the 100 MW OTEC plant, also expressed in MJ. 
The above data required for EPBP estimations, as obtained from 
different data sources of Bath University (Hammond & Jones 2008) – are 
shown in Table 2.  
Assessment on environmental aspects from 
deployment of a 100 MW OTEC plant 
Besides emission aspects, as determined from LCA studies elucidated above, 
environmental issues involve assessment of the following topics: 
? Changes over oceans flora and fauna and impact parameters 
influencing them. 
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? Vulnerability, highlighting the hazards posed and also making 
recommendations for their prevention. 
? Societal issues involved making necessary changes from large scale 
deployment of OTEC schemes. 
They are elucidated as below. 
Assessment over oceans’ flora and fauna 
In order to determine the influence of the large scale deployment of OTEC 
over the oceans’ flora and fauna, it is extremely important to identify the 
impacting parameters that are decisive in the growth of marine species. 
The ocean may be considered to have overlapping temperature layers 
with varying water density extending to different depths in the ocean. 
Oceanic species of different types have their own preferred thermal zones of 
habitat. It is also a fact that most of the marine life thrives in the sunlit 
portion or euphotic zone in the ocean, though this zone constitutes a rather 
small portion of the bulk of ocean water. 
The abundance of marine species would of course depend on the scope 
of availability of the nutrients in their habitat for survival and growth. Since 
the micro, nano and pico plankton, termed phytoplankton, are building 
Table 2. Energy requirement data of 100 MW OTEC for EPBP estimation. 
Inventory materials Mass of 
materials (kg)* 
Embodied 
energy = Ei 
MJ/kg (Bath 
data)** 
Total embodied 
energy = Ei×Mi 
(Bath data) MJ 
Steel (different types) 4,157,000 56.7 235,701,900 
Copper 270,000 50 13,500,000 
Iron 16,817,000 25 420,425,000 
Plastics 14,216,000 80.5 1,144,388,000 
Cement 75*106 4.86 364,500,000 
    
Grand Total 11,046*104  2,178,514,900 
* (Tahara et al. 2000); ** (Hammond & Jones 2008) 
EPBP = 2,178,514,900 MJ/(455,520 ×3,600)MJ = 1.33 years 
(Pa = Annual power generation, being 455,520 MWh) 
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blocks in the food chain web of marine species, the factors influencing their 
growth ultimately decides the growth and abundance of marine species in 
their concerned habitat (Quere et al. 2005). The growth of these plankton 
species are facilitated in the upper euphotic zone of the ocean until a 
penetration of around 10 % sunlight is availed. This extends to a depth of 
20-80 m from the surface depending on turbidity of the ocean concerned. 
The nutrients needed for the growth of phytoplankton are dissolved 
nitrogen, phosphates and other mineral matters in the ocean water. Unless 
the nutrients are replenished, their growth stops (Quere et al. 2005). 
Thus the impacting parameters influencing the growth of marine 
species would depend on: 
? Temperature of the particular zone of the ocean water. 
? Concentration of planktons with availability of sunlight. 
? Availability of abundant nutrients such as dissolved mineral matter. 
? Nitrogen, phosphates etc. in the concerned zone of the ocean water. 
The large production of shellfish was observed on the west coast of 
South America because of the upwelling of nutrient rich bottom cold water 
coming to the surface from the Humboldt Current of the ocean (Anderson 
1998). Roels thereby could promote the production of fish by pumping 
water from 800 m depth in the ocean (Roels 1980). He estimated that a 
100 MW OTEC plant, from its upwelling of 136 m3/sec of cold water, can 
yield a yearly production of 25,000,000 kg shellfish meat (Roels 1980). 
This single factor for the upwelling of cold water from depth, required 
for OTEC operation, would bring rich nutrients and mineral matter to the 
euphotic zone of the ocean. This would thereby facilitate the growth of all 
sea-animals, including fish populations, which is a major protein food 
source for human consumption. It is also to be noted that the upwelling of 
nutrient rich cold water may stimulate some agents which might be toxic to 
certain marine species. They could be from harmful algal blooms (HABs), 
depending on the site and seasonal variations (Pitcher et al. 2010). However, 
by and large the upwelling of cold water has been argued to help the overall 
growth of marine species (Takahashi 2003). 
Chlorine feed in heat exchangers (to tackle the bio-fouling problem in 
OTEC plants), when spilled into the ocean with mixed discharge of warm–
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cold sea water, might have a detrimental effect on marine life. But the 
required dose of chlorine feed to a maximum of 0.5 ppm is well below the 
level prescribed by Environment Protection Agency’s (EPA, USA) limit of 
chlorine pollution of species (Vega 1999). 
In OC-OTEC as well as in the hybrid type, evaporation of water to 
steam (though to a small extent) for availing potable water, would enrich the 
mineral concentration of the outlet warm water in the mixed discharge. This 
puts OC-OTEC (and also the hybrid type) in a rather more advantageous 
position for species growth than CC-OTEC, with the former providing a 
little more extra nutrients. 
The running of a 100 MW OTEC plant requires a huge flow of warm 
and cold water feed (around 400 m3/sec and 200 m3/sec, respectively), 
which with its mixed discharge in the ocean has been compared as the 
“nominal flow of river Colorado in the Pacific’’(Vega 2002/2003). This 
churning of the ocean with a huge water flow at a temperature differential of 
around 20 °C round the clock is likely to create mist formation around the 
plant. This could then affect migratory birds and also of the bird population 
who are affected even from high wind towers if it falls in their migratory 
routes (Langton et al. 2011). 
The laying of cold water pipe lines at the ocean floor (with foundations 
for maintaining stability), in case of shore based plants may affect the 
Benthos population, which thrive in the ocean floor. But compared to the 
vast ocean floor area its effect would be marginal, in the vicinity of pipe line 
only. 
All the above points are to be kept in view in assessing the flora and 
fauna for CC-OTEC, OC-OTEC, and for the hybrid types. The flora and 
fauna thus considered for assessment are as below: 
? Birds 
? Fish 
? Sea mammals 
? Plankton 
? Benthos community. 
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EIA impact assessment results for each of the above species, as derived 
from the above discussions on the influence of impacting parameters over 
them, are shown in Table 3 for all three types of OTEC devices. 
Hazards posed from OTEC plants 
The hazards posed particularly specific to OTEC system mostly originate 
from the following three sources: 
? Inherent limitation in the construction of the OTEC device itself, 
thereby off-setting its stability and survivability. 
? Malfunctioning and/or failure of parts of the OTEC plant, 
requiring particular attention and periodic maintenance. 
? Risk of causing huge damage to the OTEC device from extraneous 
factors like natural disasters, sea storms/hurricanes/earthquakes etc.; 
and from collision of off-shore or grazing OTEC plants with marine 
liners.  
Preventive measures on hazards related to construction aspects of OTEC 
The overhanging cold water pipes are to be attached through the central 
portion of the platform of the huge bodied OTEC plant, with the warm 
water and mixed discharge pipes fitted at two sides, ensuring stable C.G. of 
the structure (Bergman 1996). In fact, submersible OTEC devices with 
most of the structure submerged and C.G. below the ocean surface, ensures 
better stability even in storms, though it involves higher cost with problems 
in operation & maintenance. Submersible OTEC plants are, however, still 
Table 3. EIA score values of flora and fauna from OTEC deployment*  
OTEC Type  Birds  Fish 
population  
Sea 
mammals  
Plankton Benthos 
CC-OTEC  L- M+ M+ H+ L-  
OC-OTEC  L- M+ M+ H+ L- 
Hybrid type L- M+ M+ H+ L- 
*M+ = moderate positive; H+ = high positive – may consist of phytoplankton of both types, 
helpful (to species growth) and toxic types; L– = low negative. 
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in the R&D stage of development (Takahashi 1999). 
As per the norm of use in oil rigs the pipe should not be rigidly attached 
to the OTEC platform, but kept flexible. It may then hang vertically, 
uncoupling from the platform which itself may swing violently in high 
storms (Anderson 1998). The construction of the pipes should be with 
flexible materials (rubber like substance known as elastomers) with jointed 
sections so that it does not yield from the stress of ocean currents (Cohen 
1982). 
The cable laying below a depth of 600 m poses a problem, which is why 
in-situ manufacture of fuels like H2 and/or NH3 are recommended instead, 
on development of grazing type OTEC (Ryzin et al. 2005). This also saves 
the cost of long distance cables required and averts transmission loss. 
However, such scheme (grazing OTEC for H2, etc) is still in the R&D stage. 
Land-based plants are rather advantageous in this respect, requiring no 
mooring cost nor, cable laying for power transmission. 
Malfunctioning of an OTEC plant 
The sources of malfunctioning of OTEC operations with measures to 
minimize them are presented below: 
? Obviating bio-fouling of heat exchangers by chlorine injection as 
well as periodical mechanical brushing minimizes the formation of 
scales so that the efficiency of heat exchangers are not affected. 
? The hazard from accidental leakage of Cl2 (g) storage may however 
affect plant workers, for which in situ preparation for Cl2 feed is 
suggested. 
? Discharge of warm and cold water mix is to be made at the right 
depth (>60 m), so that the heat resource of warm surface water layer 
does not get affected by cooler mixed water discharge. 
? The NH3 supply/storage (for CC-OTEC) should be properly 
secured, so that it does not cause leakages affecting plant workers. 
? Adequate drainage/safety provision should be kept ready for sudden 
failures or leakages of the huge warm water/cold water pipe line. In 
case of pipe burst/leakage, the plant’s production as well as the 
safety of operational staff will be affected. 
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? Usual precautions as used in common steam power plants are to be 
maintained, though the risk in OTEC is much less (even in 
OC-OTEC or hybrid OTEC) since OTEC plants only use low 
pressure steam. 
It may be added that the above measures can only minimize the risk, 
but not totally eliminate them. 
Extraneous risk factors 
The experience of construction with the operation and mooring of oil rigs, 
which are functioning without any interruptions, despite ocean storms and 
hurricanes, is an important technological advancement, from which 
adequate countermeasure guidelines for OTEC schemes can be adopted. Of 
course there remain no fool-proof measure to counteract natural disasters. In 
fact, OTEC’s early sea trial experiences are not encouraging with history of 
its earlier trial plants being wiped away by sea-storms. 
Land based plants provide better safety in this aspect. Proper site 
selection should also be made avoiding earthquake prone zones and storm 
prone zones, as far as practicable. 
As regards averting collisions from the movement of ships, it is better to 
choose off-shore OTEC sites away from ship movement routes, as well as 
maintaining light signals for off-shore OTEC sites, with moving fog lights 
which could be visible and signaled from a distance. 
Societal influence from OTEC’s deployment 
The societal impact from OTEC, in its various aspects, should be judged 
both from a wider spectrum of global influence and from its local influence 
in the vicinity of OTEC plant deployment. Since OTEC opens up the 
availability of various byproducts, it also opens up the scope of employment 
generation, and making OTEC technology instrumental in improving the 
quality of life of the locality. 
In addition, it ensures long term improvement in a much wider 
perspective with global implications from its environment friendly 
phenomenon, such as an increase in sequestration of CO2 and lowering the 
risk of coral bleaching (averting ocean acidification). 
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The societal implication of the above input from OTEC, in addition to 
the aspects as regards noise pollution, visual impacts etc., are discussed 
below. 
Sequestering of CO2 
It has already been discussed in previous sections of LCA as well as in 
discussion on influence over oceans flora & fauna, as to how the upwelling 
of cold water helps in increasing phytoplankton growth hugely. It then 
becomes instrumental in burying CO2 deep in the ocean floor, with the 
carcasses of dead marine species grown, termed sequestering of CO2. This 
phenomenon from the upwelling of water (needed for OTEC operation) 
could hugely increase the ocean’s capacity for CO2 consumption (Falkowski 
1997) and thereby help in maintaining the CO2 balance in a global 
atmosphere. It thus can help to address the global warming problem, much 
better than perhaps any other energy forms, other RE schemes included. 
It has been estimated that a suitably designed OTEC plant to up-well 
nutrient rich cold water to the maximum extent can sequester 10,000 metric 
tons of CO2 per year per MW power generated (Christopher and Barry 
2008). 
Arresting Coral Bleaching 
The increasing incidence of coral reef bleaching since the eighties endangers 
many of the small island developing states [SIDS]. In fact, corals are 
sensitive to even small temperature changes and ocean level rises, with 
increasing trend of global warming. This phenomenon of coral bleaching is 
caused mainly from global warming and ocean acidification. A sustained 
temperature rise of only 1-2 °C, causing a corresponding sea level rise, may 
be lethal to most of the coral islands between 20-30 °N (Buchheim n. d.). 
OTEC technology has good potential to counter this problem of coral 
bleaching, which is vital for the survival of SIDS (Binger n. d.). 
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Scope of Employment Generation from OTEC 
OTEC opens up the scope of a manpower requirement from the following 
four sources: 
1.  Construction of the huge bodied OTEC units, including their 
accessories, would require a large amount of manpower 
deployment. 
2. OTEC, unlike most other RE systems, would require manpower 
deployment for running the plant – in addition to the maintenance, 
repair and manufacture of spare parts. 
3. The potential of producing a number of byproducts that can be 
generated from the operation of OTEC, such as potable water and 
carbonated water, offers scope for opening up chemical hubs on 
OTEC sites. This would facilitate employment generation to a great 
extent. OC-OTEC and hybrid OTEC would be more advantageous 
than CC-OTEC on this count. 
4. Another important point to consider is the scope of increment of 
mariculture in quality and quantity offered from OTEC. This 
would have the potential of large employment generation, in 
addition to improving the quality of life in the locality. 
It may also be added that power production itself opens up avenues for 
employment generation with economic growth. 
Sources of Noise Pollution 
In order to reduce the cost of the cold water pipe (CWP) its diameter is kept 
on the lower side. But at the same time it is required to maintain a huge 
water flow. This is achieved by increased water flow velocity, which may be 
more than 6 m/s (Takahashi 2003). Such high velocity water flow would 
cause vibrations in the CWP causing appreciable noise, except in the case of 
submersible plants. In the case of off-shore plants, the operational workers 
would experience the same noise from the CWP. 
Source of noise experienced from warm water pipe (WWP) lines may 
not initiate appreciable noise for CC-OTEC. But for OC-OTEC and 
hybrid types, where warm water is used for steam formation, there could be 
appreciable noise caused from the sudden flush of huge masses of warm 
water through the narrow spouts of the evaporator. 
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The discharge pipe line is another source of noise generation for all 
types of OTEC plants. The heat exchangers are however likely to create less 
noise. 
It may be relevant to add that such noise pollution for high capacity 
OTEC plants is likely to be experienced by the working staff, but not by the 
people in the vicinity, even in the case of land based plants. In extreme cases 
a sound dampener may be required to be fitted at vulnerable sound 
producing points, for creating a tolerable work environment for the OTEC 
plant operators. 
Visual impact from OTEC implantation 
It has been detailed in section dealing with the oceans flora and fauna, that 
the churning of the ocean from OTEC operation is likely to cause a cloud of 
mist surrounding an OTEC plant, the intensity of which may be more for 
off-shore plants causing a visual impact. In fact, it would need fog lights for 
sighting the position of off-shore OTEC plants signaling to vessels in the 
near area, as a safe guard against collision from en-route oil liners etc. 
The above visual impact, for land-based plants, is likely to affect tourist 
attraction to the sea-shore. 
Economic issues 
OTEC’s economy, covering all three types of OTEC systems, must be 
judged from the following two aspects of OTEC schemes. They are: 
? Assessment with a commonly used economic tool, like the 
cost/kWh of power generation. 
? Scope of availability of the byproducts from OTEC schemes, 
besides electricity generation, which are unique for OTEC systems. 
The methodologies adopted for the above economic evaluation of 
OTEC schemes are detailed below. 
Power generation cost of a 100 MW OTEC scheme 
It is important to note that like all other ocean energy schemes, in case of 
OTEC also; a huge capital outlay is required in the initial stage of an OTEC 
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plant’s successful application. But the plant starts earning profit, only after 
the lapse of a considerable period. Thus it is required to keep in view the 
depreciation of money invested, till it starts earning the profit. 
In such estimations, when benefits are derived a long time after the 
investments have been made, Net Present Value (NPV) estimations are 
considered useful (Mathew 2006:209-231). Banerjee et al. (2011) showed 
that the cost of electricity from the NPV concept (only the generation cost 
considered – excluding the insurance cost, local taxes, profit margin etc.), 
can be estimated from the following relationship: 
The cost of electricity production/kWh 
={Cc +∑0
t [0.01x*Cc/(1+r)t ]}/{∑0
t [E/(1+r)t]} per kWh  [8] 
where Cc = capital cost, E = annual energy production, t = life period, r 
= discount rate considered, and operational cost = x percent of the capital 
cost Cc. It is to be noted that cost/kWh from NPV estimations would vary 
with changes in t and r. 
Power generation cost of 100 MW OTEC, as estimated from the above 
premise, is shown below. 
? The capital cost of a 100 MW CC-OTEC plant was reported to be 
$242.1*106 (Ravindran 1999).On conversion to GBP this value 
would be = £242.1*106/1.88 = £128.776*106. (The exchange rate 
of GBP to US dollar was $1.88 = £1 in these calculations. At the 
time of this writing, the ratio is more like 1.60, but the ratio 
changes rapidly. 
? The operational and maintenance cost (Co) is reported to incur an 
annual expenditure of 1.5 % of the capital cost (Vega 1992). 
? E= The annual power generation of the said 100 MW CC-OTEC 
has been shown to be = 455.52 GWh. 
? t= The life period of the plant = 30 years (approx). 
Based on the above base data, the economic indices as determined 
considering 8 % discount rate and 30 years life time and employing the 
equation [8], as above: 
? Capital cost = Cc = £ 128, 776, 000 
? Annual O&M cost = Co = £ 128, 776, 000×0.015 = £ 1,931,640 
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? Annual Production of electricity = Ea = 455.52 GWh = 
455,520,000 kWh 
? Discount factor = DF = [(1 + 0.08)30 - 1] / [0.08 × (1 + 0.08)30] = 
11.25778, considering 8 % discount rate with 30 years life 
? Present value of cost = Cc+ Co*discount factor = £ 150,521,978 
? Present value of energy = 455,520,000×11.25778 = 5,128,143,946 
kWh 
? Cost/kWh = Present value of cost / Present value of energy = 2.9 
p/kWh. 
Prospects on potential of byproduct availability from 
100 MW OTEC 
The prospect of byproduct availability from OTEC, if pursued with 
necessary R&D efforts, may perhaps prove to be more lucrative than the 
power generated from it. The scope of availability of various byproducts 
from OTEC, with the possibility of deriving economic advantages include: 
? Availability of desalinated potable water (from OC-OTEC or 
hybrid OTEC plants) 
? Increasing scope of availability of mariculture proteins, agricultural 
products etc. from cold water feed and/or mixed water discharge 
feed, to land or water bodies of concerned locality on the OTEC 
deployment site 
? Utilizing cold water for air conditioning, or for refrigerant purposes 
with much less power requirement 
? Possibility for production of oxygen-rich air, soda water/ CO2 
enriched water, etc. 
? Generation of chemicals like soda ash, urea, CH3OH and 
hydrocarbons, as well as H2 type fuels and NH3. 
A brief description of the scope of their availability and also of the 
technical challenges, are discussed in subsequent sections. 
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Potable water 
It is known that considering OTEC’s thermodynamic efficiency to be 
around 2.5 %, 40 units of thermal energy would be required to generate 1 
unit of electricity. Thus warm water circulation of an amount of 400 m3/sec 
at around 20 °C temperature differential is required for a 100 MW OTEC 
plant (Vega 2002b). With 0.5 % – 1 % of this water being evaporated to 
steam (required for running the turbine of the 100 MW OC-OTEC’s 
generator), it would have the potential to produce 2 m3 to 4 m3 potable 
water per second, from the condensation of the steam in the condenser of 
the plant. 
With this premise, production of potable water from 100 MW 
OC-OTEC can be expected to be 0.005 * 400 * 24 * 3,600 m3/day, for 
round the clock plant operation = 172,800 m3/day. 
It has been claimed that a 1.2 MW OC-OTEC plant could yield 
desalinated water amounting to 2,200 m3/day (Vega 1999). This byproduct 
yield is said to be increased to nearly double the amount, diverting part of 
the generated power for potable water production, yielding a reduced net 
power generation of 1.1 MW, but with an increased amount of the 
desalinated water as a byproduct to an amount of 5,150 m3/day (Vega 
1999). In case of a hybrid plant, potable water production in its first stage of 
operation has been estimated to be 2,281 m3/day for net power production 
of 5.1 MW, which in the second stage could yield 4 times the above amount 
(Vega 1999). 
In fact, an actual sea trial undertaken for OC-OTEC in Hawaii between 
1993-98 showed, it could produce 0.4 l/sec of desalinated potable water as a 
byproduct from its net electricity production of just 103 kW net power 
(Vega 1999). 
Growth of mariculture & agricultural products 
All three types of OTEC plants (land based ones mainly), have the potential 
to improve considerable growth of both mariculture and agricultural 
products, from their enriched nutrient laden up-welled cold water. This 
improvement could be achieved both in quality and in quantity. 
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As regards the agricultural growth is concerned, the nutrient rich cold 
water feed may increase the quantity wise growth for different agricultural 
products. Particularly profitable are the bio-pharmaceutical agricultural 
products and natural pigments like carotoids, etc. (Anderson 1998). 
Mariculture farming includes production of lobster, salmon, crabs, 
tilapia, shellfish etc. (Binger n.d.) Studies conducted by University of West 
Indies Centre for Environment and Development (UWICED) showed that 
using up-welled nutrient rich water, the earning from mariculture could be 
increased more than 10 times than that earned from banana plantation and 
30 times than that for sugar plantation, from equivalent land area used 
(Binger n. d.). 
It has been estimated that annual growth of shellfish meat from the 
utilization of nutrient rich cold water of a 100 MW OTEC plant could be 
around 25,000,000 kg (Cohen 1982). It has also been estimated that 
implementation of 10,000 OTEC plants of 100 MW capacity would be able 
to meet the entire annual protein requirement for 2 billion people, 
considering an animal protein intake per person to be 35 g/day (Takahashi 
2003). 
It needs however be noted as a caution, that an unbalanced growth of 
mariculture may be detrimental to the mangroves and other ecosystems, 
vital for the stability of the coastal area (Ocean Thermal Energy Converter, 
Celestopian.d.). 
On the other side, simultaneous increased growth of algae/kelp from 
nutrient rich cold water feed may affect certain species, and thus may affect 
the sea water’s panorama. It is also a fact that along with mineral matter and 
other nutrients as may be upwelled from OTEC operations, simultaneous 
presence of certain toxic materials detrimental to certain marine species 
cannot be completely ruled out; unless proven from commercial scale field 
trials. 
Too high a productivity of species with too much cold water upwelling 
and altering atmospheric CO2 levels to too low a limit (from sequestering of 
CO2) is also not desirable. It is the ocean’s pH level and its surface water’s 
CO2 dissolution limit that strike a balance in a global climate –arresting 
both global warming as well as cooling beyond a limit. This balance should 
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not to be allowed to be disturbed too far. However, it needs practical field 
trials to make an objective assessment of these problems highlighted. 
Cold storage/Air conditioning with up-welled cold water 
It has been suggested that up-welled cold water, availed free as byproduct 
from all types of OTEC plants, could be fruitfully used as chilling fluid for 
cold storage and/or air conditioning plant. 
In fact, in order to run a 1.1 MW OC-OTEC plant, the power 
requirement for up-welling the cold water feed is 3,085 kg/sec at 4 °C = 
313 kW = 313,000 J/s (Takahashi & Trenka 1996). The energy required to 
cool the above quantity of water from an ambient level of 20 °C to 4 °C ≥ 
3,085 * 4.186 * 1,000 * (20-4) J/s ≥ 206,620,960 J/s. This is more than 660 
times the power required for upwelling the same amount of water to the 
same temperature level of 4 °C. Thus, if this cold water or part of it is 
utilized for chilling plants, like cold storage or air conditioning plants 
(cooling only), one would save more than 600 times the power required for 
running the cold storage/air-conditioner. 
It has been shown by Vega that only 1 m3/s of deep ocean water flow at 
7 °C, requiring 360 kWe power, would be enough for air-conditioning 
5,800 rooms in a hotel, saving power to the extent of 5,000 kWe (Vega 
1995a). 
It would be obvious that such advantage of utilizing up-welled cold 
water for cold storage/air conditioning would be economic for land-based 
OTEC plants only. 
Production of O2 enriched air and CO2 (g) as industrial raw material 
It may be of interest to examine the scope of availability of larger amounts of 
CO2 (g) as a raw material of industrial products (water bottling plants etc.) 
as well as oxygen enriched air as a byproduct, from evolution of the gases 
like O2, N2, and CO2, from OTEC operation. 
In fact, in OC-OTEC and in hybrid operations, water soluble gases are 
evolved from warm water feed, due to steam formation from it, which is 
usually 0.5 % – 1 % of the total water feed. The other source is from the 
cold water feed in the condenser having DCC type heat exchangers, because 
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of the elevation of the up-welled cold water temperature as well as from the 
release of pressure, being raised from the bottom of the sea. The released 
gases containing O2, N2, and CO2, are sucked out in the de-aeration 
chamber, so that they do not impair the efficiency of the DCC heat 
exchanger of the condenser. 
A typical hypothetical case study has been undertaken for a 100 MW 
OC-OTEC, to determine the quantity and relative percentage of these gases 
which is virtually air, enriched with O2 and CO2, but with N2 percentage 
less than that of air. This is because of the fact that the dissolution of the 
gases O2, N2, and CO2 in the ocean remains in the proportion of 7 mg/l, 
12.5 mg/l, and 90 mg/l, respectively (Floor 2006). 
It is a fact that a 100 MW OC-OTEC plant would require a warm and 
cold water feed of 400 m3/s and 200 m3/s, respectively; with around 0.5 % 
of warm water being evaporated and sucked out in the de-aeration chamber 
(Vega 1999). Also part of the dissolved gases of up-welled cold water would 
evolve in the DCC condenser, from the release of pressure and elevation of 
temperature; the amount of which is presumed to be 0.4 % of the cold 
water feed. 
Based on the above premise, relative production of the gases may be 
estimated from 100 MW OC-OTEC operation/day: 
 
Gas release from warm water feed: 
O2 = 400 * 0.005 * 0.007 * 3,600 * 24 = 1,209.6 kg/day 
N2 = 400 * 0.005 * 0.0125 * 3,600 * 24 = 2,160 kg/day 
CO2 = 400 * 0.005 * 0.09 * 3,600 * 24 = 15,552 kg/day 
 
Gas release from cold water feed: 
O2 = 200 * 0.004 * 0.007 * 3,600 * 24 = 483.84 kg/day 
N2 = 200 * 0.004 * 0.0125 * 3,600 * 24 = 864 kg/day 
CO2 = 200 * 0.004 * 0.09 * 3,600 * 24 = 6,220.8 kg/day 
 
Total evolution of gases: 
O2 = 1,209.6 + 483.84 = 1,693.44 kg/day 
N2 = 2,160 + 864 = 3,024 kg/day 
CO2 = 15,552 + 6,220.8 = 21,772.8 kg/day 
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Thus, the volume proportion of these gases are: 
O2: N2: CO2:: 0.098:0.2: 0.916 or, 
8.1 %, 16.5 % & 75.4 %, respectively. 
The high annual yield of CO2 amounting to 21,772.8*365 = 
7,947,072 kg/year, can be utilized not only for water bottling plants etc. of 
the availed potable water from OC-OTEC, but also in the manufacture of 
several byproducts – constructing necessary infrastructure; in cases where 
CO2 is one of the ingredient raw materials. 
Oxygen enriched air, as obtained could also find application in various 
fields. 
Chemicals from OTEC 
The above stated byproducts availed from OTEC plants are produced as 
byproducts because of the operational characteristic of OTEC. But there are 
certain products (chemicals) whose production is at the expense of electricity 
produced from OTEC, and are considered more profitable than just the 
production of electricity only. This includes production of fuels like H2 and 
also chemicals like NH3 from grazing OTEC, which however, is in the 
conceptual stage (Ryzin et al. 2005). In fact CO2 (g) availed from 
OC-OTEC can also be utilized to produce chemicals whose ingredient raw 
material is CO2 (g) – like manufacturing urea or soda ash. 
Based on the availability of H2, it may also be useful for the production 
of methyl alcohol with scope for synthesizing a host of different 
petrochemical products. A brief account of all of them is presented below. 
Soda ash 
In addition to the prospect of using the concentrated form of CO2 (g) in 
water bottling plants, the other application could be in manufacturing 
Na2CO3, obtained by scrubbing CO2 (g) with NaOH, as per the reaction: 
CO2 + 2NaOH = Na2CO3 + H2O 
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or, 44 g CO2 would produce 106 g Na2CO3.Thus 7,947,072 kg CO2 
produced/year from a 100 MW OC-OTEC plant could yield Na2CO3 to an 
amount = 7,947,072 * 106/44 kg/year = 19,145,219 kg/year. 
But such availability of soda ash can only be possible provided the 
concentrated form of CO2 (g) is not used in water bottling plants or for 
producing other chemicals. 
It may be added that Soda ash may be manufactured from OC-OTEC 
and to some extent from hybrid types, but not from CC-OTEC. 
Hydrogen 
It has been reported that instead of transporting OTEC generated power, 
laying long sub-sea cables at 1000 m depth, it may be a cheaper and better 
option to use that power to split water and make in-situ generation of 
hydrogen, considered the most environment friendly fuel (Ryzin et al. 
2005). There have been many R&D studies in progress, suggesting that the 
electrical input for hydrogen production by electrolysis from water splitting 
could be lowered with higher H2 production. The advanced technology 
suggests using solid polymer electrochemical cell (SPE) with perfluorinated 
membrane as electrolyte (Nuttall 1977). Pure water (de-ionized water) is 
used to generate dry H2 (g) from it. 
It has been reported from a hypothetical deduction that a 64 MW 
OTEC plantship has the potential to manufacture 8,270 tons of H2/year 
(Ryzin et al. 2005). In that case, it may be logical to deduce that a 100 MW 
OTEC plant would have the potential for annual production of H2 to an 
amount = (100/64) * 8,270 * 1000 kg/year = 12,921,875 kg/year, or 
35,402 kg/day. 
Obviously, such production of hydrogen may be available from all three 
OTEC types, the amount of which is dependent solely on the OTEC plant’s 
net power production. 
Ammonia 
It is to be noted that the biggest challenge of hydrogen (g) production lies in 
its storage, so that there is minimum leakage during transportation and its 
reaching to the end user. On the other side, the energy required for 
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transporting liquefied hydrogen would be nearly 10 times that of 
compressed hydrogen (g) (Ryzin et al. 2005). A cheaper option suggests 
transforming this hydrogen (g) to NH3 (liq.) using Haber’s synthesis as per 
the reaction: 
N2+3H2 = 2NH3 
in the presence of a suitable catalyst. Nitrogen required for such ammonia 
production may be availed by stripping off oxygen from air. 
This in-situ produced NH3 (liq.) can then be transported as a hydrogen 
enriched chemical and/or as raw material for synthesis of various other 
chemicals. 
Since as per stoichiometric equation in Haber’s synthesis of NH3 
production, 6 g of H2 produces 2 * 17g of NH3 = 34 g of NH3, hence its 
production from a 100 MW OTEC would be = 34 * 12,921,875/6 kg/year 
= 73,223,958 kg/year = 200,614 kg/day. 
Like the production of hydrogen (g), ammonia can be availed from all 
the three types of OTEC plants. 
Urea 
This huge production of NH3 (liq.) can fruitfully be utilized to make in situ 
production of various other chemicals, like the nitrogen rich fertilizer urea, 
taking advantage of the production of a highly concentrated form of CO2 
(g) produced as byproduct from OC-OTEC. In fact, the present practice for 
commercial production of urea requires ammonia and CO2 (g) as raw 
materials. Both used to be derived from fossil fuel sources, like coal and/or 
natural gas. 
Urea formation from these two raw materials proceeds as per the 
following reaction: 
2 NH3 + CO2 = H2NCOONH4 [ammonium carbamate] 
= (NH2)2CO[urea] + H2O [both reactions are exothermic in nature] 
Thus, as per the above equation 44g CO2 (g) interacting with 34g NH3 
can produce 60 g urea, in the presence of a suitable catalyst. 
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Since annual production of CO2 (g) from OC-OTEC is 
7,947,072 kg/year, as per estimations in section 11.4, it could interact with 
7,947,072 * 34/44 kg of ammonia, or 6,140,919 kg ammonia to produce 
7,947,072×60/44 kg urea = 10,836,916 kg urea/year. 
However, production of urea can only be availed from OC-OTEC and 
partly from hybrid OTEC plants, not from CC-OTEC having no 
byproduct availability of concentrated form of CO2 (g). 
In addition to the above, all OTEC plants by virtue of their possibility 
of hydrogen production can synthesize a host of chemicals including 
petrochemicals, as discussed in the subsequent section.  
Methanol & other petrochemical products 
Methanol can also be manufactured as byproduct material from H2, and this 
can be obtained by electrolysis of water utilizing the power generated from 
OTEC. The reaction would be the well-known synthesis of methanol from 
interaction of hydrogen with CO2, as per the following reaction in presence 
of a Cu/ZnO/Al2O3 catalyst, viz. CO2 +3H2 = CH3OH+ H2O (Avery 
1984). 
A US patent No-4476249; suggests it to be prepared from interaction 
of H2 with CO, in presence of a suitable catalyst; CO is said to be prepared 
processing CO2 with carbon. 
As per the above equation of methanol formation, 6 g H2 yields 32 g 
methanol. Hence a 100 MW OTEC plant with annual hydrogen 
production of 12,921,875 kg/year can yield methanol to an amount = 
12,921,875 * 32/6 kg/year = 68,916,667 kg/year. 
The prospect of such production of methanol is available for all types of 
OTEC. In the case of OC-OTEC & hybrid types there remains the scope of 
availability of other reactants like the concentrated form of CO2 (g), which 
can be produced in the case of CC-OTEC by burning carbon. 
Scope of such methanol production from OTEC opens up the pathway 
of synthesizing a host of hydrocarbons and thereby growth of the 
petrochemical industry. Based on the above discussions, the prospect of 
availability of various byproducts from 100 MW OTEC has been 
summarized in the table below. 
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Table 4. Future prospect of byproducts from 100 MW OTEC 
Byproducts Daily 
Prod. 
(kg) 
Remarks 
Hydrogen 35,402 Availed for all OTEC types 
(at the cost of power generated) 
Ammonia 601,840 Availed for all OTEC types 
(if H2 converted to NH3) 
Methanol 188,812 Availed for all OTEC types 
(if H2 converted to methanol) 
Shellfish etc 68,493 Availed for all types of OTEC 
Potable water  172,800 m3 Availed only for OC-OTEC 
and hybrid OTEC 
CO2 (g) (as can 
be availed) 
21,773 Availed only for OC-OTEC and hybrid type 
CC-OTEC 
Can be used in water bottling 
Urea  29,690 Consuming all CO2 & part of NH3 produced 
from H2. 
Can be availed only for OC-OTEC & Hybrid 
type, since require CO2 as one of the raw material 
Excess NH3 183,789 Can be availed only for OC-OTEC & Hybrid 
type Excess NH3 available after Urea production 
Soda ash  52,453 Availed only for OC-OTEC & Hybrid. 
Soda ash availed, for full CO2 use. 
Inferences 
A hypothetical case study of 100 MW OTEC plant, that would require 
around 400 m3/sec of warm water feed (with 200 m3/sec of cold water feed) 
resulted in the following data: 
? CO2 saving compared to coal power plant, as determined from LCA 
studies, was noted to be 98.62 % for CC-OTEC, 97.41 % Hybrid 
type & 94.4 % for OC-OTEC. 
? Energy Payback Period value showed to be of 1.33 years. 
? Cost of power generation from NPV concept of such plant was 
estimated to be 2.9 p/kWh. 
Upwelling of the nutrient rich cold water along with abundant plankton 
and the mixed discharge of it in the ocean during OTEC operations is likely 
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to help growth of the oceans’ flora and fauna for the abundant supply of 
seafood. Though the danger posed from simultaneous toxic algal bloom 
endangering the marine species, are also apprehended. However, by and 
large positive marine species growth has been opined. 
Such increased species growth becomes instrumental in burying CO2 in 
the deep ocean floor with the carcasses of dead marine species grown. This 
phenomenon known as sequestering of CO2, appreciably increases the 
ocean’s CO2 dissolution capability and thereby in addressing the problem of 
global warming. This is in addition to the amount of CO2 saved from use of 
alternate energy source on OTEC, against the conventional fossil fuel 
resources. 
These plants help sustainable development, particularly small island 
developing states (SIDS), arresting coral bleaching (decreasing acid rains 
etc), employment generation; and also help in reducing global warming 
from sequestering of CO2, in addition to saving CO2 emission compared to 
conventional fossil fuel power generators. 
Thus OTEC opens up a huge possibility of sustainable development if 
the minor challenges for its large scale commercial applications are met, may 
be in 2nd generation, 3rd generation OTEC schemes. 
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